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Abstract
A Study of Bridges For Second Graders by Christopher Mera is a curriculum designed
to inform students on the science and uses of bridges and to stimulate investigation into
these topics. This curriculum was written to give educators in different capacities the
tools to be able to implement the lessons and activities included in an effective and
appropriate manor. The document contains planned lessons, trips and trip sheets,
worksheets, and discussion topics and focus questions that are necessary for teaching
this topic. This curriculum has been successfully been put into practice and it is a great
tool for any educator attempting to approach this topic with their second grade students.
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Introduction
!

The unit I am outlining grew from a larger, integrated study of the Hudson

River. The Hudson River study is a year long study where students are engaged
in learning about every aspect related to life along the Hudson River. The study
focuses on how people, plants, and animals are effected by and use the river.
The bridge study is a natural component of this Social Studies unit because of
the way people interact with and build their lives around rivers. Bridges are are a
product of peopleʼs need to connect to one another and move from place to
place. However, the bridge curriculum is meant to be over arching in itʼs scope
and has been designed to cover many aspects of bridges that are appropriate for
7 and 8 year olds. This means that the study can stand alone without the
Hudson River curriculum and be integrated into a study of neighborhoods or
engineering for example.
!

Educators may also choose to not integrate this study with other curricular

areas at all. Bridges could be studied solely through Science and be studied on
any river. The Hudson River was a great place for this curriculum because it was
in my studentsʼ back yard, figuratively speaking. However, the qualities of the
Hudson and the opportunities it gives us to think about engineering bridges is not
unique. This curriculum can be adapted and taught anywhere and can stand
alone or be integrated in many typical second grade curricula.
!

A Study of Bridges for Second Graders has developed over the years

through different educators but I have taken it on and helped develop it for the
past two school years. I have created all new work in the areas of assessment

4

and experimentation and have modified plans for trips that give more of a focus
on bridges.
!

It has been exciting to develop this curriculum with other educators and

my students for the past two years. It has shown to be an excellent way to
engage students in the wonders of the world around them and giving them
opportunities to understand how bridges work and why they are important in their
lives.
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Rationale
Why Study Bridges?
!

Bridges have an enormous impact on peoples lives. They allow for people

to be more connected and give us a chance to take advantage of our landscape.
Bridges are an important component to a Social Studies curriculum as well as a
Science curriculum. Through this unit students will have experiences with many
important science concepts and skills and can be integrated with Social Studies
to more fully immerse them in the world of bridges. Students will experiment with
structure and property (2-PS1-b) and explore force and motion (2-PS2-b).
Students will recognize the importance of bridges in daily life and discuss why
bridges are built but they will also become familiar with the science behind
bridges Students will study each type of bridge and learn about their parts,
supports, and functions. Building their knowledge through experimentation and
exploration, students will discuss the merits of bridge designs and weigh one
bridge type against another.
Why Study Bridges with Seven and Eight Year-olds?
!

In developing this study I had to think about the interests and

developmental capacities of a seven and eight year-old so that I could
appropriately capture their attention and feed their interests. Chip Wood (1997),
in his book Yardsticks, tells us that this age group enjoys working with
manipulatives, and along with their increased problem solving abilities, they enjoy
taking things apart and examining function. The study of bridges allows for all of
this. Over the course of their work with bridges, students will be able to build
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small models and test their strength using simple materials like blocks, index
cards, pennies or paperclips, straws, and twine. They will be challenged to make
bridges that can carry small loads and think about what that tells them about real
life bridges. This age group is also beginning to be less egocentric and more
fascinated in the wonders of the world (Wood, 1997). In many of their lessons
they will get a chance to explore and discuss the importance and impact that
bridges have had on our society. In many ways students are more prepared then
we think to discuss their environment. From a very young age children are
experiencing the world and by exploring they are actively forming concepts and
ideas about how the world works (Mitchell, 1934). By telling students that they
will be studying something like bridges, which many cross on a daily basis, you
open up your classroom to all of the experiences your students have. This
makes it easy for students to get excited about learning more and about what
Mitchell calls “out-go” (Mitchell, 1934). During this unit students have plenty of
opportunities for out-go, or ways to show their knowledge, through the use of
simple materials that can be manipulated to fit any concept.
What Can Students Learn While Investigating Bridges?
!

Students will use the semester to think about the questions: why do

people use bridges? and what makes bridges capable of doing what they do?
Students should understand how and why people use bridges, why they are
important in peoples lives, how it effects the world, and what important factors
must be taken into consideration when choosing to build one type of bridge over
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another. Students will also understand the basic properties of force and tension,
and the qualities of design that make certain bridges stronger than others.
!

To get to these understandings students will have to ask: how do people

design an effective way to transport themselves and goods across a body of
water? How does that design interact and effect life? How do bridges handle a
load? Why do people have different bridge designs and what makes one
stronger than another? How do bridges react when performing their functions?
What are the parts that make up a bridge? What are the multiple things that
support the structure of the bridge?
!

These questions will be investigated at different points throughout our

study. Children will be prompted with these questions but will also, most likely,
ask themselves these questions as they are faced with new challenges. The
nature of these questions are intended to allow students to get an understanding
of the aspects that make a bridge a successful engineering design and how that
is important to our lives as people. Students will have knowledge about the parts
of five different bridges, how bridges support the loads that they do, why some
bridges make more physical and economic sense to build than others, and how
they change peoples lives in terms of transportation. Students will be engaged in
discussions, experiments, and demonstrations that give them new skills while
they develop this knowledge. Students will build on their observation skills, their
recording skills, their analysis skills and they will develop their skills in model
making. This curriculumʼs exercise of multiple practices allows students to fully
investigate the ways bridges work. Through inquiry in these multiple practices
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students will begin to discuss, critique, evaluate and explain what they are seeing
and doing and how the bridges function (National Research Council, 2012, p.44).
Students will work towards understandings and build their knowledge and
vocabulary through experimentation and model building, worksheets, homework,
trips and trip sheets, discussions, and a culminating project. All of these
components will give students multiple entry points into the content and allow
students to show their knowledge so that their understandings can be evaluated
by educators. Students are given the chance to build with materials such as
blocks, write hypotheses before testing and evaluating ideas, and opportunities
to use art to create detailed diagrams and recordings. Many of these materials
and methods are familiar to students and allows them to explore more freely. It
also allows students to integrate many practices into one activity. This brings
together the childʼs entire range of skills and different forms of knowledge. This
philosophy should be applied during this study and may share common threads
with your institutionʼs philosophy.
!

The curriculum described here takes time and resources to be able to fully

immerse students in the world of bridges. To allow students to think like scientists
and engineers students have to be given the time to ask questions, experiment,
discuss and debate the different concepts that arise through out the unit.
Materials are also a necessity but do not have to be the exact same materials I
have described in my plans. Educators could use wood, cardboard, cardboard
boxes, multi links or snap cubes, books or any other material you can think of to
allow students to interpret the images they are being shown and make meaning
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of the information they are receiving. To have the time and resources to do such
a curriculum as shown here is not available to educators at all institutions but can
be adapted to fit the needs of every institution and educator.
Why Use a Progressive Approach to Learning About Bridges?
!

Being part of Bank Street College, an institution with a progressive model

for education, one that tries to live up to and even emulate the work of John
Dewey, Lucy Sprague Mitchell, and others, has given this work a unique sense of
integration in many different disciplines. It has developed under the
understanding that by doing, students learn. By physically doing and
experiencing the world around them, students make meaning. This work is
meant to give students experiences that “prepare a person for later experiences
of a deeper and more expansive quality” (Dewey, 1938, p.47). Students will
practice problem solving skills while building with materials and navigating
spacial relationships. They will build their group work skills, while learning to
make hypothesis and observations. All of these things are crucial skills for
students to learn and they can be fun and engaging at the same time.
Gwathmey and Mott cite Mitchell when describing how a classroom can be both
and artists studio and a scientistʼs laboratory. They, along with Mitchell and
Dewey, believe that “in a living, learning democratic community, children have
many opportunities within the school day to be engaged with each other: to talk,
agree, disagree, and work through their inquiry, ideas, and problems” (Gwathmey
and Mott, 2000, p.141). This study is meant to do what these great educators
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envisioned and has been created in a school environment that fosters exactly
that.
!

The bridge study is an interactive, inquiry based study that immerses

students in the science of engineering and the social importance of bridges. It
gives them the chance to wonder about how giant structures like bridges are
built, how they work, and how they impact our lives. Students who engage in this
study begin to notice how ubiquitous bridges are. They get excited when they
can name parts on a bridge while passing one and when they can debate the
merits of one type of bridge compared to another. All of these wonderings and
noticings give students an opportunity to examine the physical world around
them and the important ways that people use resources to be able to live
comfortably and successfully.
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Curriculum Outline of A Study of Bridges for Second Graders
1. What do we know about bridges?
- What bridges do we know?
- What do they look like?
- What do they do?
- Where do we see them?
Rationale:
Before diving into the mechanics of bridges and thinking about their parts and
how they operate, we want to give them some context. To do this we will take a
trip and use various parts of the school day to kick off our study in a cohesive
way. We will find out what our students already know about bridges and what
they want to know about bridges. This will help focus our study and get them
grounded before they begin exploring new concepts.
The trip we will take will allow students to connect with the material in a concrete
way. Students will be seeing the information that they have been receiving and
the knowledge that they have in a new light. The trip will also allow them to
practice the observation skills.

2. Exploring a Basic Beam Bridge
- What did we find out during our first exploration?
- Where have we seen this bridge?
- What parts make up this bridge?
- What supports the load on this bridge? (what gives it itʼs strength)
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- Address misconceptions
Rationale:
After giving the class a chance to experiment with bridges, the natural place to
start is with beam bridges. It is a basic bridge and one of the earliest forms of
bridges that can be seen through out life. To do this, students will experiment,
share what they know and have noticed in their experimentation, and gain new
information through discussion. Students will gain new vocabulary and be asked
new questions that will propel them forward through the rest of the study.

3. Making Room For Boats
- Why canʼt all bridges be beam bridges?
- How do we make room for boats?
- What shapes emerge in our bridge designs when we take boats into
consideration?
Rationale:
To help take students deeper into the world of bridges we try to explore real life
scenarios. One major factor that we bring to light is boats moving on a river and
how that could effect bridge design. We allow students to experiment with
different shapes. We give the students different prompts to challenge them to be
innovative in their designs. Discussions are used to help understand and
appreciate the relationship between bridges and the waters they cross and the
things they cross and to uncover how that might effect design.
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4. Arches and Trusses
- What shapes can be seen in these bridge designs?
- What parts are new and which do we recognize?
- What supports the load on this bridge?
- How does a load effect the bridge?
- Where have we seen this bridge?
- Why build these bridges instead of beam bridges?
Rationale:
The arch and the triangle shape of a truss are two of the most recognizable
shapes we see on bridges. Many students build the arch shape when initially
exploring with bridges and then again when making adjustments for boats
without knowing the workings of the design. We can explore the structural
workings of the arch and the truss by examining photographs and designs made
by students and real life examples. This will give them a better understanding of
why certain types of bridges are built and how they support the heavy loads they
carry.

5. Building and Testing
- How can we test designs on a larger scale?
- What do different tests help us do?
- What skills do we need to make these tests successful and meaningful?
Rationale:
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Students have now experimented and been immersed in the features and
functions of the beam bridge, the arch bridge, and the truss bridge. They have
discussed the merits of each and done simple experiments to see how each
behaves when carrying a load. Early experiments give students an idea of how
bridges behave when they are carrying a load but to help them make this
information concrete, students will test this on a larger, more quantifiable scale.
They will use their observation and analysis skills to come up with information
that will support or disprove their hypothesis.

6. Cantilever Bridges
- Why do we build certain types of bridges?
- What structures do we know of that help support a bridge?
- Give cantilever information.
- Experiment with cantilevers.
Rationale:
The cantilever bridge uses multiple methods to support the loads that they carry.
Students will recognize some of these methods but will also be exposed to a new
structure that they had not focused on before. They will gain new vocabulary that
will allow them to discuss the merits of this new bridge in comparison to others
we have studied.

7. Suspension Bridges
- Why do we build certain bridges?
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- What support structures do we recognize?
- How does this bridge support itʼs load?
- What are the merits of this bridge in comparison to others?
- Give bridge information.
- Experiment with suspensions.
Rationale:
Suspension bridges are the final bridge type that the students will study and the
one they probably recognize best. The suspension employs a new method of
support to deal with tension and compression and the students will get a chance
to observe and experiment with this. Students will be asked to look at the
difference between these bridges and the others that we have recently looked at
and discuss why engineers would build a bridge like this compared to others.
They will get a chance to experiment with new materials that will help make this
information concrete.

8. Bridge Wrap-up
- Why do we build bridges?
- Why do we build certain bridges over other bridges?
- What factors have to be taken into consideration when making that
decision?
- How do bridges affect people?
- Review parts of each bridge.
- Engage in building exercise that combines much of our knowledge.
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Rationale:
To wrap-up the bridge unit, students are asked to put their information into
context and into action. We will use discussions, worksheets, and building
activities, to asses their knowledge about the bridges we have learned about.

Notes for Educators Using this Curriculum
!

Before beginning to use these materials, educators should be aware of a

few things to make this curriculum more rich and easier to put into practice.
Studentʼs work and experiments are the most important things. During
experiments and building times teachers should take their time moving from
group to group taking pictures, asking questions about their process, and
assessing student knowledge. Pictures of student work is a rich resource and
should be used whenever possible.
!

These materials are organized to present a comprehensive story of

bridges and attempts to balance student exploration and class discussion. That
said, this curriculum is a compilation of “Activity Sets.” Each activity set has a
theme and some themes are based on questions like “What do we know about
bridges?” others are based on bridge types like “Cantilever Bridges.” You will be
offered Warm-up questions or activities, which are typically done at the
beginning of each day. It gives students the chance to come into the classroom
and be engaged in a meaningful activity to get them thinking about the ideas they
will be focusing on that day. Warm-up questions or activities are not necessary
every day for this unit and only a few examples are shown in this curriculum. You
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will be given the Purpose of the activity and a list of Materials necessary to
conduct the session. The Activities are what you and your students will be doing
(e.g. discussing, investigating, etc.) and are organized under a heading of what
the discussion or investigation is about. Each of these sections has a statement
in “normal” type that explains what you will be doing and then a suggestion of
what you might say or what you might ask the class in italics. Finally, there are
Essential Questions in each Activity Set to be used as assessment tools. These
questions can be used to have students think deeply about their work and make
meaning of their experiences. As an additional assessment or to reinforce work
that has been done in class, Homework suggestions are also included in some
of the Activity Sets.
!

These materials were designed to give a teacher guidance as to

how to support student learning about bridges. You are given direction and
talking points, but content details have intentionally been excluded. It is my
opinion that a teacher needs to explore content and get to know it on their
own to effectively teach it and facilitate conversations about it. This is
based on my own experience getting to know bridges in order to be able to
design this unit. In order to familiarize myself with bridges, bridge parts, the
forces on bridges...etc. I did extensive research through internet resources
and the library. Even though this was my process, it should be
acknowledged that everyone has a different learning style and others might
involve themselves in a different process to understand the same content. I
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highly encourage any teacher using these materials to prepare themselves
with content understandings about bridges before and as they teach this
unit.
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The Curriculum: A Study of Bridges for Second Graders

Activity Set #1: What Do We Know About Bridges?
!

Purpose. The purpose of the following discussions and investigations is

for students to understand why people make bridges and what they look like at
the most basic level.

!

Warm-up. Write three things that you know about bridges. Use the

pictures found at the table as resources. Warm-up sheet can be found in
Appendix A.

Activities
A. Introducing Bridges: Discussion

Materials to collect
- The Little Red Lighthouse and The Great Gray Bridge by Hildegarde H. Swift
1. Show students the book you will be reading them, The Little Red Lighthouse
and The Great Gray Bridge by Hildegarde H. Swift.
We are going to be discussing bridges for the next few weeks. While I read this
book I want you to think about some of the experiences you have had with
bridges in your life. What do people use them for? Where do you see them? Are
they all the same? Hold on to your thoughts and we will have a discussion at the
end.
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2. Read through the book. When you get to the end begin take thoughts your
students have about what they just read.
Who were the main characters in this book?
3. Students may want to discuss the lighthouse but try and focus their attention
on the bridge.
Letʼs focus on the bridge for a minute, what was the bridges job? How was this
important? What else do bridges do? Why do people need them?

B. Encountering Bridges: Investigation

Materials to collect
- Blue paper and tape on tables to resemble a body of water. (Water will be one
foot wide and this will remain for the rest of your study)
- Blocks
- Index cards
- Pennies (put in cups for each group. One handful or about 100 pennies for
each)
Sequence
1. Start off by telling your students a story or tell them you have a challenge.
“I was walking in the forest the other day and I came across a stream. I was with
a group of friends and we all needed to get from one side of the stream to the
other. We wanted to stay dry and we wanted to stay close together. The stream
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was too big to jump and the water was too rough to swim”. How could we get
across?
2. Take some ideas about how we can get from one side to the next. Then
move the conversation to the classroom. Show them that the tables are setup so that there is a river in the middle of each table that they need to cross.
What materials could we use and how could we set them up?
3. Take a few ideas. After the class has brainstormed tell them that we have
blocks and that we have index cards. Talk through ideas students have about
how they can use each material.
Now, remember, the hard part is that the group has to stay really close together.
The group has to move as one to be as safe as possible. That means that every
one will have to be in the middle of the river at the same time. I will give each
group 25 pennies and each group will need to make something to get these 25
pennies across to the other side of the stream. That means they will all have to
be in the middle of the bridge together at the exact same time.
4. Send them to the tables in groups of 3. Materials will be set and students will
have 20 minutes to experiment with the index cards and coins.
5. If teams successfully get their “people” across the river, extend the challenge
by telling students that their group has just doubled and you need to cross the
river again. Give them more pennies and tell them to try it again.
6. If they are once again successful, challenge them to think about how you
might be able to support 100 pennies or 300 pennies? Give them a hundred
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pennies after you talk things through and see if they have come up with a
solution that they would like to test out.
Letʼs discuss what happened. What did you all just build? (bridge!) What was it
doing? How did it work?
7. Give the class an opportunity to ask questions about what we built. Using
chart paper, document questions from the class that you can hang on the wall
and refer to later in the study. Help students form their questions to be
specific. Some possible questions to prompt them could be:
• How are bridges built?
• What parts do bridges have and how can we find out more about them? why
are these parts important for holding the bridge together?
• Think about “how” questions and tailor it to a specific bridge you might have
seen before.

Essential questions
• What bridges do we know?
• What do they look like?
• What do they do?
• Where do we see them?

C. Encountering Bridges: Trip
!

The class will take a trip to Fort Washington Park to visit The George

Washington Bridge (The Great Gray Bridge). Students will build on the
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observation skills that they may have touched on in previous grades. If students
have no experience with making observations, it may help to talk to your students
about how scientists make and take note of observations by using their senses.
!

They will discuss the parts of the bridge that they see and hypothesize

about the possible functions of those parts. Students will be given a trip sheet to
focus their observations and hypotheses. Remembering that this trip is part of a
Hudson River study gives it more meaning. However, this trip can be taken to
any bridge and still serve the same purpose for students. No matter what bridge
you choose to take your students to, it is important to do a pre trip of the location
before you take your class. During this pre trip you should determine locations
for viewing the bridge, having discussions, eating lunch, and doing other
important parts of the trip.
!

The purpose of the trip is to give students more experiences with bridges

in real life. Students will get an idea of the components of a bridge and look for
things pertaining to its design and function.

Materials to collect
- Trip form (A standard permission slip is needed to be signed by each studentʼs
parent. This should be done prior to the trip date.)
- Bag lunches (This should be prepared and coordinated through your school
cafeteria or with parents.)
- Transportation (Depending on the location of the bridge, educators should plan
accordingly.)
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- Pencils
- Clipboards
- Paper towel rolls
- Encountering Bridges trip sheet (Handouts for students to document their work
while they are at the bridge. See Appendix B)
Sequence
Pre-trip discussion
1. Remind students of where they will be going on their class trip. Ask students:
Why would we be going to visit a bridge? How can this help us learn about
bridges?
2. Students may have prior experiences with bridges. Having students share
times where they have interacted with bridges will engage students and get
them excited for the trip.
During the trip
1. Once students are settled and ready to begin working,take them to a
predetermined location to observe the bridge from.

If possible split your

group into smaller groups to allow students a better opportunity to focus and
get more individualized attention from teachers.
2. Students should begin working on their trip sheets once they have found a
place to work. Give students a chance to complete the first two questions on
the trip sheet (see Appendix B).
3. Bring students together and have them share what they are noticing and their
ideas.
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4. After students have shared, take a moment to talk about the drawing portion.
The next part of the Encountering Bridges trip sheet asks you to focus on one
specific part of the bridge and draw only that part in the circle. Pretend like you
are using a magnifying glass and only focus on a small portion of the bridge.
Use as much detail as possible and pay particular attention to the shapes you
see on the bridge.
5. It may help to use paper towel rolls or rolled up paper to help focus studentsʼ
eyes on a single part of the bridge and to put the picture into perspective.
Suggest this idea if students are feeling stuck or struggling with the scale of
the drawing.
Post-trip
1. After students are back in the classroom take a moment to debrief what they
experienced on the trip.
Now that we are back, I want to hear how you felt about being in near a huge
structure like that bridge? Did you notice anything new about bridges that you
didnʼt notice before? Do you have any new questions?
2. Place any new student questions on the chart paper with the original bridge
questions. Then go back and ask students to think about the first two
questions you asked before the trip began.
Why would we be going to visit a bridge? How can this help us learn about
bridges?
3. Discuss students thoughts and responses.
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Activity Set #2: Exploring A Basic Beam Bridge
!

Purpose. By the end of this discussion the class will create a resource to

hang around the classroom for students to reference throughout the unit. This
reference will be student generated as they will label the parts of the beam
bridge. Students will also discuss the experiences they had during Activity Set #1
where students were given a scenario and asked to build with materials to show
how they would deal with the problem presented to them.

!

Warm-up. This warm-up is intended to give students an opportunity to

reflect on the trip and ask more questions before beginning to look at bridges indepth. This warm-up sheet can be found in Appendix C.

Activities
A. Exploring A Basic Beam Bridge: Discussion

Materials to collect
- Pictures:
- (D.1)- http://assets.byways.org/asset_files/
000/018/741/0039_MillCreek.jpg?1316412825
- (D.2) http://www.cement.org/newsroom/releaseimages/
Battleground300.jpg
- (D.3) http://www.pbs.org/wgbh/nova/tech/build-bridge-p3.html
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- (D.4) http://googlesightseeing.com/wp-content/uploads/2011/07/lakepontchartrain-causeway-atrb.jpg
- (D.5) http://exploremyself.webs.com/longest-bridge-in-the-world-lakepontchartrain-causeway.jpg
Sequence
Last time we met for science I gave you materials to build something that would
help me and my friends get across the upper river safely and, more importantly,
dry. What did we all build?
So, how could you describe a bridge? Letʼs give “bridge” a definition that we can
keep adding to as we go along in our investigations of bridges.
1. As in your first session, document this the definition of “bridge” on chart
paper, but leave space for adding more as the unit goes on.
The bridges that you all built were different than the one I told you in my
scenario. I just kicked over a tree and made a bridge. It looked like this: (Show
picture D.1).
Do beam bridges always look like this? Where have you seen other beam
bridges?
3. After taking a few responses, show a picture of a basic beam bridge, picture
D.2, and add this to the chart on the left hand side under the definition.
Letʼs look at this basic beam bridge. What do you think is supporting this bridge?
4. Label and explain parts seen in the picture: deck, abutments, parapet
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5. A great way to help make this more clear and engaging for students would be
to show pictures of some of the bridges that the students created during the
first investigation.
6. Show picture D.2 and mention how some students built bridges similar to this
picture during the last meeting.
What happened to the structures you built when the weight was too much? How
did you deal with this problem?
7. Show a second picture of a beam bridge (picture D.3).
What makes this bridge different than the first? What do you think is supporting
this bridge?
8. Restate the question in a different way: What is keeping this bridge up and
making sure what goes across it doesnʼt break the bridge?
Which one of these two bridges that we learned about today do you think was
stronger?
What made one stronger than the other?
What do you notice about the size and length of these bridges?
9. Many of my students believed that beam bridges can only be built across
short distances. Show pictures D.4 and D.5.
Why would they build such a long beam bridge? What supports are they using
on this bridge?

Essential questions
• Where have we seen this type of bridge?
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• What parts make up this bridge?
• What supports the load on this bridge?
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Activity Set #3: Making Room For Boats
!

Adding a new element. The group will focus on what they have learned

since the start of the study and discuss all that they know about beam bridges.
Using their new language and understandings, students will be given materials to
build beam bridges specifically. They will be offered challenges that will influence
their thinking about why people build certain types of beams.

!

Purpose. Students will explore the properties and limits of beam bridges

and build two types of beam bridges.

Activities
A. Making Room For Boats: Investigation

Materials to collect
- Index cards (large size)
- Unit blocks x4 for each group (rectangular prism) (E.1)
- Inch tiles (E.2)
- Pennies (1000)
- Toy boats (Can be made out of multilink cubes) (E.3)
* A picture of these materials can be found in Appendix E
Sequence
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Today we are going to be building beam bridges. You have already built basic
beam bridges but now that you know all of the parts I want you to be able to build
and talk about your bridges using the vocabulary we have.
Your challenge is to build two different beam bridges. Each bridge must be
supported in a different way.
What ways do we know that bridges are supported? What helps beam bridges
stay up?
The first bridge has to be able to support at least 100 pennies AND has to be
able to allow a boat to pass underneath it. Talk to your group about how you can
do this.
The second bridge must be able to support at least 200 pennies and has to use a
different support than the first.
1. Write both of these tasks on the board to help students remember what
activity they are working on and what the steps are.
Before we start, I want to show you a picture of something I saw the first time you
all built with these materials.
2. Show a picture of a group who folded, bent, rolled, or somehow changed the
shape of the paper, if available. If not bring out a studentʼs Encountering
Bridges trip sheet where a student highlighted a triangle shape or an arch
shape.
Why did groups fold, bend, roll, and/or change their index cards? Did it help?
What happened to the bridge when groups changed the shape of the paper?
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3. Tell them that you want to give them a chance to try out the effect that
changing the paper has on the bridge.
4. Break the class into small groups of 3 or 4.
5. Walk around to each group to photograph structures and test the design by
passing your toy boat under. Students may want to test their bridges with a
boat before you can get to that group. Make a few multilink boats and leave
them around the room for groups to use when they are ready.
6. Take this time to assess students by asking about the parts of the bridge and
how the bridge is working. Ask students: Where is it weakest? Where is it
strongest? Why do you think so?

B. Making Room For Boats: Discussion
Did any groups change the shape of the index card? How? Was the bridge
stronger or weaker?
What bridge held more pennies, the beam without piers or the beam with piers?
Where did the bridges fail when the weight was too much? Where did they break
(middle, at abutments, other)?
Where did you place the piers? How is the weight supported best, when the piers
are close together, far apart, or an equal distance away from the center?

One thing that was very helpful for me through out this unit was being able to
build and show, with materials, what students where describing during our
discussion. To do this I used a small “bridge board” that I had a small portion
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carved out and painted as a river. With the bridge board I could demonstrate
building techniques and designs and students could recreate their designs in
front of the entire class. A picture of my bridge board is shown in Appendix W.

Essential questions
• Why canʼt all bridges be beam bridges
• How do we make room for boats?
• What shapes emerge in our bridge designs when we take boats into
consideration?

!

Homework. Students will use the information they have on beam bridges

to draw and label their own beam bridges. The Designing Beam Bridges
homework sheet can be found in Appendix F.
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Activity Set #4: Arches and Trusses
!

Purposes. Students in this activity set will discuss the shapes and

structures that support bridges, specifically arches and trusses. Students will also
have the opportunity to build and test arches and trusses and be assessed on
their knowledge of new vocabulary and concepts.

A. Arches and Trusses: Discussion

Materials to collect
- Strip of thick cardboard
- Pictures:
- (G.1)- http://1.bp.blogspot.com/_riRpObQVFGw/TOACNmKPd0I/
AAAAAAAAClM/OEqaFMqkSrE/s1600/GWB_HDR2--14x11%252Blayers--crop.jpg
- (G.2) http://www.scvresources.com/wp-content/uploads/2013/02/
angeles-forest-arch-bridge.jpg
- (G.3) http://www.ljhammond.com/phlit/images/nyc/hell.jpg
- (G.4) http://www.design-technology.org/arch3.jpg
- (G.5) http://alviassociates.com/yahoo_site_admin/assets/images/
Historic_MD_214_Truss_Bridge.285140008_std.jpg
- (G.6) http://www.pbs.org/wgbh/buildingbig/images/bridge/basics/
trussbridge.gif
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- (G.7) http://www.photos-public-domain.com/wp-content/uploads/2011/01/
corrugated-cardboard.jpg
- Pictures of student built bridges
- Encountering Bridges trip sheet; student examples
Sequence
I want bring to everyoneʼs attention to two shapes that I have noticed keep
emerging in your work and that many of you noticed and made note of in our
early work during our first bridge trip.
One group folded the paper to make this accordion style shape. Do you think
this helped? Has anyone ever seen anything like this in real life?
1. Show picture G.1. Bring out Encountering Bridges trip sheet and show
students work who drew trusses. If no work like this is available, use picture
G.1 and highlight the trusses you see in the accordion shape.
2. Point out one singular triangle on the towers of the bridge. When this shape is
used as a support it is called a truss. Explain the strength behind the truss
design (Picture G.6).
3. Using an index card, build a big truss by folding the paper into a big triangle
and taping it together. Show how the shape acts when a load or force is put
on it by pressing down lightly on the top. The sides of the triangle should pop
out. Ask students: what do you think would happen if you made a second
triangle and placed them next to each other and then applied force? Has
anyone ever seen this shape in anything besides a bridge?
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4. Reference a house, an awning, scaffoldings, and then show them a piece of
cardboard and the triangle shapes in between them (picture G.7).
5. Inform students that you have noticed a rounded shape in some of the
bridges they have built and in another place that you want them to see as
well. You can show them the arch on your foot as another example (this
works if you have a nice big arch in your foot like me).
I saw a few groups make shapes that reminded me of my foot. What could we
call this shape? Has anybody ever seen it before on other bridges on in other
places?
6. Put your foot away and show pictures G.2 and G.3.
I saw students make this shape with their index cards and then put it under their
decks. How could this have helped?
7. Show pictures of your studentʼs bridges with arches if available. Ask students:
how is it supporting the bridge?
8. Use blocks and index cards to make an arch bridge on your bridge board.
What are the blocks acting as?(abutment) What is the index card on top? (deck)
What is the arched index card doing? (supporting the whole thing).
9. Show picture G.4 and explain how forces act upon the arch.
10. Talk about abutments and how they help support an arch bridge.
How does the force act upon the abutments? What do the abutments do when a
load is placed on the arch?
11. Demonstrate your studentʼs thoughts by building with blocks, cards, and
weight.
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Both of these structures can help support a bridge and next time we meet you
will get a chance to build with them.

Essential questions
• What shapes can be seen in these bridge designs?
• What parts are new and which do we recognize?
• What supports the load on this bridge?
• How does a load effect the bridge?
• Where have we seen this bridge?
• Why build these bridges instead of beam bridges?

!

Homework. Students will go home and find objects in daily life that

employ trusses and arches as supports. This homework sheet can be found in
Appendix H.

B. Building Arch and Truss Bridges: Exploration

Materials to collect
- Index cards (large size)
- Unit blocks x4 for each group (rectangular prism)
- Pennies (1000)
- Pictures:
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- (G.6) http://www.pbs.org/wgbh/buildingbig/images/bridge/basics/
trussbridge.gif
- (G.4) http://www.design-technology.org/arch3.jpg
- (G.3) http://www.ljhammond.com/phlit/images/nyc/hell.jpg
- (G.5) http://alviassociates.com/yahoo_site_admin/assets/images/
Historic_MD_214_Truss_Bridge.285140008_std.jpg

Sequence
1. Review with your students what trusses and arches are.
2. Show pictures G.6 and G.4 and discuss how a load effects each of them.
Can someone remind me how I would make a truss using an index card?
3. Allow students to begin to explain and show how to fold paper but cut the
student off and tell them that you donʼt want to spoil the surprise for the rest of
the students.
Can someone remind me how I could make an arch out of the paper. Does it still
need a deck? Whatʼs most important here?
What would be an effective way to place your abutments?
4. Students are to make each type of bridge, arch and truss, and load them with
as many pennies as they can.
5. Groups must make and test each type of bridge. Ask students:
What happens when you combine the designs? How could we make this even
stronger?
6. Ask students to share which bridge they found was strongest.
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7. Bring back bridge questions from the start of the study. Have any been
answered? Do we have any new ones to add on?
We have learned about a few different types of bridges so far but what I think is
most important is what is supporting those bridges.
8. Begin a new piece of chart paper with the title it “Bridge Supports”.
Can someone tell me what are the different ways that bridges are supported?
What things help to hold up a bridge? What makes them strong?
9. Place images G.3 and G.5 on one side of a chart for reference, and give it a
heading and small description of the support on the other side. Your chart
should include these parts: abutment, piers, truss, and arch.
10. Place chart on the wall in your classroom as reference.
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Activity Set #5: Building and Testing
!

Purpose. During this session students should reflect on the knowledge

that they have gained during the unit thus far and make a hypothesis based on
their experiences.

Activities
A. Building and Testing: Discussion

Materials to collect
-Pictures:
- I.1 http://www.cement.org/newsroom/releaseimages/Battleground300.jpg
- I.2 http://www.pbs.org/wgbh/buildingbig/images/bridge/basics/
beam_bridge_1.jpg
Sequence
We have had a chance to build a few bridges but today I want to talk about what
we think we know so far.
Tell me what you know about this bridge (show beam bridge without piers, picture
I.1). What are the parts? What do the parts do? Make sure to discuss the
abutments. What would be moving across it? Could this bridge handle as much
traffic as other bridges we have investigated?
What is different between that first bridge and this one (Show beam with piers,
picture I.2)? What parts do you see here that werenʼt in the first picture? What
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are the parts doing (specifically the piers)? What are they supporting? What
might you see traveling on a bridge like this?
What do you think about one bridge compared to the other? Can we give a
sentence or make a statement that compares one to the other? Which one would
you rather build if you knew a lot of cars, trucks, and people would be moving
over it each day? Which has more support? Which one might be stronger?
1. Work with students to help form a statement. Tell students that this statement
we are formulating is called a “hypothesis.” Write this word on the board so
that your students can become familiar with it. Ask students if they have
heard the word before or if they know what it means. Can someone give me
a definition for “hypothesis”? After taking a few ideas, define hypothesis
yourself: an informed guess at an explanation of why something happens.
Explain that the guess isnʼt really a guess because we have some
background knowledge and have been experimenting with what we know.
Students will also be making predictions about the results of their experiment.
Write the word “predictions” on the board for students to see and talk about
how this differs from a hypothesis.
2. Ask them to try and form a possible hypothesis about the strength of a beam
bridge against a beam bridge with piers.
3. A possible hypothesis could be: a beam without piers is not as strong as a
beam with piers. Students will have different ways to propose their
explanations to the things that they think they know. Support them, make a
hypothesis, and move on.
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Can we all agree that we have experienced what we are mentioning in this
hypothesis?
Do we think we might be right or wrong? Do we know for sure? (no)
Can anybody think about what scientists might do after they form a hypothesis?
They test their hypothesis and observe.
Would scientist just plan and conduct an experiment without watching carefully
and making notes on whatʼs happening? That wouldnʼt make any sense, right?
How can we do this for our hypothesis?
4. Students may offer the idea of going back to the index cards and unit blocks
to test their hypothesis. This idea is valid, but tell them that we want to make
a new test that can hold a lot of weight that would be easier to actually
measure.
5. Explain to students that they will be using popsicle sticks and glue to make
two beam bridges that they can test.
If we wanted to make a beam bridge with popsicle sticks, what would it look like?
What would the parts be?
6. Look for students to use the bridge part vocabulary that they were exposed to
when describing how to assemble the bridge. Student ideas may vary, but a
basic beam bridge is composed of two beams spanning in between two
abutments and a deck which is laid on top of the beams. The steps for
building can be found in Appendix J.
7. Students will best be able to create these bridges if they first come up with a
way to build it themselves. If they are struggling then you may want to show

44

them examples of how you did it. Show pictures of the process and it will be
helpful to demonstrate gluing the beams together.
8. Talk to your students about why you glue the beams together the way you do.
Ask: How could we make this stronger?
9. Make the process clear so that next session the students can quickly begin
building.

Essential questions
• How can we test our bridge designs on a larger scale?
• What do different tests help us do?
• What skills do we need to make these tests successful and meaningful?

B. Making Beams and Talking Arches and Trusses

Materials to collect
- Wood glue x4
- Scotch tape x4
- Popsicle sticks (30 for each group, maybe more depending on length of
bridges)
- Pictures:
- (G.2) http://www.scvresources.com/wp-content/uploads/2013/02/
angeles-forest-arch-bridge.jpg
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- (G.5) http://alviassociates.com/yahoo_site_admin/assets/images/
Historic_MD_214_Truss_Bridge.285140008_std.jpg
Sequence
1. Ask students to remind you of the last conversation you had about arch, truss
and beam bridges. Students should be able to tell you about the process
they will go through in making the popsicle stick beam bridge and they should
tell you that they are doing this to test their hypotheses.
What are we building today? Why? How will we be doing that?
2. Show students pictures of the process of building a beam bridge that you
showed them last time. They will now be doing this themselves in small
groups.
3. Place students in groups. Groups can be large to speed up the process.
Before sending students off to work, ask one group how they might split up
the responsibilities for building. Ask: How are you going to make it fair and so
that everyone is involved?
4. The task of building a beam bridge is easy enough but students are working
in big groups that will make it more challenging. Students need to hear all
ideas, divide up and delegate tasks before they can successfully build their
popsicle stick beam bridges and test their hypotheses.
5. Talk about the group work process.
What could be the most difficult part of working in a group? How could you deal
with these problems?
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6. Group work is an important part of being a scientist and work like this is an
important skill for young scientists to build.
7. Send students off to begin the activity.
Now that you have made these two bridges, out of index cards and blocks and
popsicle sticks, letʼs look at the other two bridges we have learned about. Show
pictures G.2 and G.5. What bridges are these?
8. Quickly talk through the parts and how they function on both of these bridges.
Now, we want to test our thoughts about these two bridges. How can we make a
hypothesis that compares the arch and the truss to the beam?
9. Students may want their hypothesis to be that the arch is stronger than the
truss or vice versa but that is not the most important thing to the study. We
want to think about why engineers create new supports and make different
types of bridges.By comparing simple designs to more complex ones, we
expose students to the ways in which designs have evolved for changing
purposes and landscapes. Tell students we want to look at how bridges have
gotten stronger with more complex designs.
10. After some discussion, one possible hypothesis is: truss and arch bridges are
stronger than beam bridges, with or without piers. When thinking about
beams with piers, some students may have a very different opinion. It may
help to chart two hypotheses, one about beam bridges in general and one
more specific to beam bridges with piers.
11. Write these hypotheses on a chart with your first hypothesis and post it for
their tests.
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12. Tell students that the next time they work with bridges they will test their beam
bridges and then will test arches and trusses to prove or disprove their
hypotheses. Arches and trusses will be built by teachers to save time.
Instructions for the arch can be found in Appendix K and the truss can be
found online by doing a search for instructions to make a popsicle stick truss
bridge or at this website: http://www.eweek.org/site/discovere/popsicle.shtml

C. Logistics of Testing Bridges: Investigation

Materials to collect
- Student built bridges
- Testing space prepared
- Weight to act as a load1
- Testing Beam Bridges Without Piers worksheet (Appendix L)
- Testing Beam Bridges with Piers worksheet (Appendix M)
Sequence
1. Before beginning the investigation, bring out the chart with the classes
hypotheses on them. Ask students: what is a hypothesis and why we are
testing it?

Note about weights: Anything can be used as a weight as long as the weight is
quantifiable and you are easily able to give your students accurate readings. The
weight can be sand bags that you have weighed ahead of time or small weights
where the weights are measured and easily visible. Students will need to be able
to see the weight being added to their bridges and that weight can be tallied and
added up by you and with the help of your students.
1
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2. Show students the weights that you have brought for the test. I used small
weights measured in grams with my students. If any conversions need to be
made, do that ahead of time and make a note of it on the board for your
students to see and record on their worksheets.
3. Before you begin testing, talk to the class about how scientists test their
hypotheses. Tell them that their tests should be as similar as possible and
that when testing we all have important roles as observers.
Scientists make a hypothesis, observe their experiments carefully, and then
explain what they saw.
Why is it important to observe carefully?
Why would it be important to discuss and explain what we saw? This can be
thought of as analyzing or trying to make sense of our information.
4. Direct studentʼs attention to the Testing Beam Bridges Without Piers
worksheet that they will be filling out during the experiment. You will discuss
their recordings after the experiment.
5. Distribute worksheets and ask students to complete the first part, predictions,
while you set up the test.
6. Once the test is set and ready, ask the students where you should place the
weight for the test. Ask students: Where would make the most sense to see
how strong the bridge really is? Where is it important for a bridge to be
strongest?
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7. Students should agree on where to place the weights before you begin. It is
important that you test the middle of the bridge as an overall indicator of how
beam bridges behave when a load is placed on it.
8. As you place weights on the bridge and add them up on the board, ask your
students to fill out their worksheets.
9. The bridge should eventually break or the weight should become unbalanced
and fall. If the bridge changes shape or contorts enough so that the weight
falls off then you can label that as a broken bridge. Tally up the numbers and
chart it on the board.
10. As you clear up the first experiment, get reactions from your students and
ask them to complete the questions on the second page of their Testing Beam
Bridges Without Piers worksheet. Also ask them to talk about how the bridge
behaved when it had the weight on it. Ask students: What was happening as
I slowly added weight? Where did the bridge change? Where was it effected
most?
11. Once the second bridge is set up, you should discuss with your students the
placement of piers.
How far apart should the piers be placed to each other? Where should they be
placed on your bridge?(middle or close to the abutments) Why do you think that?
12. This gives students the opportunity to think about how the bridge might
behave before we even get into the experiment.
13. Put your piers in place after the class has decided on an ideal location and
then ask them to turn to the second worksheet on beam bridges with piers.
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14. As the students get situated, and you get the weights ready, ask them to fill
out the predictions portion of the Testing Beam Bridges with Piers worksheet.
15. Add weights and test their bridge. Once the bridge fails, finish adding up the
weights and place those figures on the board for your students to copy into
their worksheets.
Where did the beam bridge with piers fail?
16. Allow students a chance to share their reactions to the test.
What did you just find out in terms of our hypotheses?
What were your predictions?
Were they correct
Was our test perfectly accurate? How could we improve our test next time?
What do we know now for certain?

D. Testing Trusses and Arches: Investigation
Materials to collect
- Testing Arch Bridges worksheet (Appendix N)
- Testing Truss Bridges worksheet (Appendix O)
- Teacher built bridges
- Weights
Sequence
1. Ask your students for a recap of what we did in the last session on bridges
and to recall what we will be doing today and why. Students will be testing
arch and truss bridges to determine how they compare to beam bridges.
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2. When we are all on the same page, ask students: what do you expect will
happen during our experiment today? How will it be different then our last
experiment?
How might the bridges react? How did the bridges in our previous experiment
behave when we put weight on it?
3. Remind the group of their hypothesis and show that on the board.
4. As you are getting your test set up, distribute the Testing Arch Bridges
worksheet and ask the group to begin filling out the predictions portion on top.
5. Once the experiment is set up, ask the group where you should place the
weights or how you should hang them if you choose to do so. This should be
quick because they have already established an ideal location for placing the
weights in the previous experiment (in the middle).
6. Allow the class to decide whether to test the truss or the arch first.
7. Take note of the amount of weight the bridge can hold and post this number
somewhere for students to see.
Where did you notice the bridge change? How did the bridge behave when the
load was placed on it?
8. Clear the first experiment and set up the second. Distribute the Testing Truss
Bridges worksheet and ask students to begin filling out the predictions
section.
9. Agree on where to place or hang the weights and then begin experiment.
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10. Again, after the experiment is finished, talk about how the bridge was
effected by the load and what parts changed or were effected most. Get
student reactions to the experiment.
What did we find out from performing these tests? Point to your class hypothesis
and ask them to try and frame their responses around them. Ask them to think
about how the parts were effected. What suffered the most from the stress of the
load?
How could we improve these tests next time?
What was most difficult about this process?
How could we improve our bridge designs?

Essential questions
• Was the way you tested your hypothesis similar to the way a scientist or
engineer might?
• What did this test tell us about arch and truss bridges?
• How did testing our hypotheses help us understand why engineers build certain
bridges?
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Activity Set #6: Cantilever Bridges
!

Purpose. Students in this session will be introduced to a new type of

bridge, the cantilever bridge. They will investigate the ways in which it functions
and learn about itʼs parts.

Activities
A. Reviewing What We Know and Introducing The Cantilever: Discussion

Materials to collect
- Pictures:
- (D.4) http://googlesightseeing.com/wp-content/uploads/2011/07/lakepontchartrain-causeway-atrb.jpg
- (D.5) http://exploremyself.webs.com/longest-bridge-in-the-world-lakepontchartrain-causeway.jpg
- (P.1) http://greenlaw.blogs.law.pace.edu/files/2012/03/Tappan-ZeePic.jpg
- (P.2) http://upload.wikimedia.org/wikipedia/commons/d/df/
Tappan_Zee_Bridge_from_below.jpg
- (P.3) http://www.railtraveladventures.com/images/Gallery4-35%20Firth
%20of%20Forth%20Br.jpg
- (P.4) http://upload.wikimedia.org/wikipedia/commons/6/6d/
Pierre_Pflimlin_UC_AdjAndCrop.jpg
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- (P.5) http://www.pre-engineering.com/resources/forth/images/ForthBridge4.jpg
Sequence
1. Show students the picture of Lake Pontchartrain causeway bridge (picture D.
4 and D.5). What type of bridge is this? Lake Pontchatrain causeway bridge
is a beam bridge with piers.
Why do you think engineers would choose to build this type of bridge instead of a
beam bridge w/o piers, or a truss, or arch bridge? Why does this bridge make the
most sense?
2. These questions should prompt your students to think about the body of water
that the bridge is crossing and the vehicles, people, or animals crossing over
the bridge. You can even bring up costs and other factors that may have
influenced the building of this bridge.
One reason engineers were able to build this type of bridge is because they
didnʼt have to worry about large boats passing and the ground and water levels
were just right for the piers to continue all the way across. What do I mean by
the ground and water levels being just right? Could you build a pier in the middle
of the ocean?
3. Show students picture P.1. Does anybody recognize this bridge? This is the
Tappan Zee bridge.
What parts do you recognize? What supports do you see? What type of bridge
do you think this is?
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This is a new type of bridge for us and itʼs called a cantilever bridge. What is the
same about this bridge that you have seen on other bridges?
4. Show picture P.2. Ask students: What are you seeing in the picture? If you
see piers like this with a deck above it, what type of bridge does it have to be?
But, what about that middle part? No piers there, right?
Look at this bridge (show picture P.3). This is also a cantilever bridge. It is called
the Forth bridge in Scotland.
The reason these bridges are called cantilever bridges is because they have a
cantilever arm or arms on them.
5. Use the Forth bridge as an example of a cantilever arm. Circle the cantilever
part. Then, show picture P.4 and show the balanced cantilever arm.
The cantilever is weighted and balanced either in the middle or on one side.
When two weighted or anchored cantilevers are on each side of a river you can
add a deck in between them.
6. This concept is tricky. Explain as best you can but keep going and donʼt get
discouraged by confusion, things will become more clear for students shortly.
7. Show students picture P.5. Highlight the floating deck. Why would engineers
decide to build a bridge with piers in only some places and leave some big
open spaces in the middle of the bridge? Why didnʼt they just build piers
throughout the entire thing?
8. Boats, might be an answer students give you. If not, offer it up as a possible
explanation and ask them what they think.

56

Letʼs find out how cantilevers really work by using our bodies and some
materials.

B. Exploring The Cantilever: Activity

Materials to collect
- Two wooden planks (2ft. long each)
- Rope (5ft. long at least)
Sequence
1. Ask for two student volunteers at the front of the classroom.
2. There are many ways to show how cantilevers work. Two ways are quick and
easy and fun for the students.
3. Ask two students to help by standing at the front of the classroom with their
arms spread out beside them, so that they are in a “t” shape. Both students
should be facing the same way and there should be a gap in between their
out stretched arms.
4. While they are standing like that, gently pull on the students arm that is on the
outside, not the one that is almost touching the other studentʼs. The student
should tip to that side. Remember, donʼt pull too hard.
5. You can repeat this with the other student and ask the class what they see
happening. Kids should notice that when you pull on one arm the student
leans away from the other students outstretched arms.
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6. Ask for two more volunteers to stand at the ends of each students
outstretched arms.
7. Tell the students that you are going to pass a rope from one of the new
volunteers to the other new volunteer at the end. The students with their
arms outstretched should hold on to the rope too.
8. Explain that the rope is representing a deck that goes across from one side of
the river to the other. The students with outstretched arms are the arms of the
cantilever and the deck is the string going across across everyone. At this
point the rope in the center should be loose.
9. Ask the students at the end to gently begin pulling on the arms of the
students. This should cause the rope in the middle to become taut.
10. The rope will remain that way because the two students at the ends are the
anchors of the cantilever bridge.
11. Thank the students, give them a round of applause, then ask them to find
their seats.
12. Another way to show this is with two 2ft. planks of wood.
13. Place two chairs side by side and separate them so that there is about three
feet of space in between.
14. Place a plank on each chair so that they are also making a “t” shape and
leave about a foot of space in between them.
15. Grab a stack of books and ask the students what they think will happen if you
place the books in the middle so that are resting on each one of the planks at
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the end? Students might suggest that both planks will fall. Show them what
happens.
16. Next, set the planks up again, with 1ft. in between them and ask students
what we can do to help keep the books and planks from not falling?
17. If students donʼt give you the answer you are looking for, which is to have two
anchors on the boards, ask for two student volunteers and ask them to sit on
both of the seats and the planks. Then grab the stack of books and place
them on the ends of the planks covering the 1ft. space. The books should
rest easy on them and the planks (and kids) should stay on the seats.
How is this working?
18. Allow students to attempt to describe how the cantilever is working. Help
them to understand that the cantilever is anchored on one side and free
standing on the other. The two students holding the rope or the two students
sitting on the boards were the anchors. The boards were able to support a
load because of the weight of the anchor on the opposite side.
This is how cantilevers work. They are similar to how a diving board works.
19. Tell students that next time they will build cantilevers and chart the information
they have on their parts.

Essential questions
• Why do we build certain types of bridges?
• What structures do we know of that help support a bridge?
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C. Building Cantilever Bridges: Investigation

Materials to collect
- Two wooden planks (2ft. long each)
- Rope (5ft. long at least)
- Index cards (large size)
- Unit blocks x6 or 8 for each group (rectangular prism)
- Pennies (1000)
Sequence
1. Today students are going to get a chance to build cantilever bridges of their
own design.
2. Ask students to think about all of the supports that we have talked about
through out the study and to try and incorporate as many of them as possible.
3. Tell students they will be going back to using the index cards, blocks and
pennies. Ask students: how will you make a cantilever using these materials?
Ask them to give the general idea. You donʼt want to give too much away.
4. Make available the rope and the planks in an area of your room and tell
students that they can try out the small group experiments that the class did
in their last session if they would like. You should be there to supervise when
students visit that area.
5. Give them groups and materials and send them off to work. Photograph and
assess student knowledge as they work.
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6. Keep groups small so students get a chance to try out their ideas - two or
three students per group is ideal.
7. Challenge the students to incorporate trusses and arches in their bridges.
Continue to challenge them by expanding the width of the river.
What was difficult about building your bridge?
What supports did you use? Did you use an anchor?
8. Take students responses and allow them to explain their designs or even
quickly build them using your bridge board if you have time.
9. Save the last five minutes to chart the information you have about cantilever
bridges. Ask students what the parts are, what the supports are, and for any
other relevant information. Chart it and place around the room with other
bridge posters.
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Activity Set #7: Suspension Bridges
Note to educator using this curriculum. As the unit begins to deal with more
technical bridge designs I decided to change the format of the lessons. I thought
that my students would be more successful building these bridges if they
received basic information about the parts first. The understanding about how
bridges work comes from the experimentation and that can only happen if they
have clear background knowledge on what they are experimenting with. When I
give students this information and experience, they are then ready to test the
limits of those designs and really analyze and critique them.
!

Purpose. Students are introduced to suspension bridges how they

function. Students apply their knowledge of suspension bridges and test the
designʼs strength.

Activities
A. Suspension Bridges: Discussion

Materials to collect
- Unit blocks x2
- Index cards x2
- Two lengths of rope (2ft. long each at least)
- Tape
- Paperclips
- Hole puncher
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- Pictures:
- (Q.1) http://images.travelpod.com/tripwow/photos/ta-00ae-2312-e679/
george-washington-bridge-new-york-city-united-states
+1152_12882337213-tpfil02aw-8046.jpg
- (Q.2) http://www.wsdot.wa.gov/TNBhistory/Machine/photos/
bridgebasics.gif
Sequence
1. Give your class a few scenarios to quiz them to start the class off. For
example: you are an engineer and you need to build a bridge for a river.
There are no boats allowed in the river because the water is rough and rocky,
but the walls on the side of the river look like they could be great abutments.
What type of bridge should I build?
2. Give two of these types of scenarios and then give them one scenario where
a suspension bridge would make the most sense. A scenario like this would
include no natural abutments, heavy traffic above and below the bridge, wide
river or distance, etc... Students should be able to discuss and debate which
type of bridge would make the most sense. Unless a suspension bridge
comes up on itʼs own, stop the group and tell them that you would like to
introduce a new bridge today.
3. Show picture Q.1 and ask students: does this look familiar? This is a
suspension bridge. What parts do you recognize? (deck, abutments) What
parts are new?

63

4. Students may come up and point to the parts and while they do this you can
write the names of the parts on a chart. Important parts are the towers, main
cables, suspender cables, and anchor.
5. You can label the parts on pictures Q.1 as you learn about how they function.
What do you think is supporting the load on this bridge? What is making it strong
or keeping it up?
6. Students may point to the towers and think that that is keeping the bridge up.
Using two unit blocks standing as towers, tape an index card in between as a
deck. Ask the students what parts they think the blocks and the index cards
are representing (the towers and the deck).
7. Now that the small model is set-up, ask students: What do you think will
happen when I place a load on it? Using a toy car or just your finger pressed
down on the index card to simulate a load on the bridge. The towers should
both collapse forward on to the deck.
8. Ask students: what happened? What can we use to strengthen this that all
suspension bridges have?
9. Take thoughts from students and then explain that using a combination of
main cables, suspender cables, and anchor, the suspension bridge gets its
strength and is able to carry a heavy load.
10. Set-up your model bridge the same way you did for the first test with the
index card, blocks, and tape, but this time take off the tape. Using a hole
punch, punch three holes on each side of the index card and loop paperclips
(suspender cables) through them. This can be done beforehand. Then take

64

the string(main cables) and run it through the paperclips on each side and
then tape the rope to the top of the blocks(towers), and then finally take the
ends of the ropes firmly tape it to the table or to some base(anchor). After
you have done this the deck should be hanging from the paper clips and the
rope and the end of the rope should be securely anchored.
11. Once the model is set, ask students what they think each part is representing.
Refer them to picture Q.1. After discussing a bit show them picture Q.2 and
make it clear what each part is representing.
12. Test the model with a small toy car or any load.
What do you think the strongest support on the bridge is?
13. Talk about the anchor and talk about how they are securing the cables and
the deck.
14. Take questions from students about how the structure is supported and
working.
15. Place the pictures on a chart and begin listing the parts of the bridge. Ask
students to explain what each part does.
16. When you have finished the chart tell students that they will be using new
materials next class to experiment with suspension bridges.
17. Place the chart around the room for students to reference.

Essential questions
• Why do we build certain bridges?
• What support structures do we recognize?
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• How does this bridge support itʼs load?
• What are the merits of this bridge in comparison to others?

B. Building Suspension Bridges: investigation

Materials to collect
- Straws (Box of 100)
- Scotch tape
- Fishing wire or fine thread
- Paperclips
- Pennies
- Plastic cups
- Scrap paper
- Pictures:
- (Q.1) http://images.travelpod.com/tripwow/photos/ta-00ae-2312-e679/
george-washington-bridge-new-york-city-united-states
+1152_12882337213-tpfil02aw-8046.jpg
Sequence
1. Tell your students that they will be building suspension bridges and testing the
strength of its supports. First, you want them to review the parts and
supports on a typical suspension bridge.
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2. Display the chart made last session about suspension bridges. Ask to
students to talk about the role of each part. Pay particular attention to the
suspension cables and the anchor.
3. Tell students that they will be building and testing this bridge. Show students
the new materials they will be using to build the bridge. Show each material
individually and ask to students to relate it to the parts on a real suspension
bridge. This may be difficult for students to picture, so you want to build it in
front of the class. Use the steps found in Appendix R.
4. The last step in putting the bridge together is stringing the suspension cables.
Show students picture Q.1 and ask them to point to the places where the
suspension cable is attached to the bridge. Ask students what the cable is
attached to at the ends. They should point to the deck and the anchors as
places where the suspension cables attach to the bridge.
5. Ask the class for suggestions about how to string the suspension and secure
the anchor. Donʼt demonstrate these ideas just talk about them. If your
students donʼt think of taping the ends offer it as a way to hold the anchor in
place.
6. Show students the cup with paper clip that they will use as a load and ask for
suggestions for hanging it from the deck. Demonstrate how the load will
affect the deck.
7. Tell students that there is one more thing you want them to do. After they
assemble their bridge, tell students you want them to test the bridge two
different times. The first test should be without suspension cables and they
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should record the amount of pennies their bridge held on a piece of scrap
paper. For the second test, students should apply the suspension cables and
record the amount of pennies it held on the same sheet of scrap paper. Then
they can compare these two tests.
8. Tell students that they will be using pennies as the load. After the first test
without the suspension cables, they are looking to string the suspension
cables and secure the anchor in the best way possible to hold a large load.
9. Put the students in teams of two and give them materials. The teams can
then begin building and testing.
10. Circulate around the room and assist students as they set-up their bridges.
Allow them the freedom to try any design they would like, even if you know it
will not be the most effective.
11. Ask students to share how they assembled the suspension cables and the
anchor.
12. Discuss with your students why the suspension cables and anchor are so
important.
How did the bridge with the suspension cables compare to the bridge without it?
What did we find out from doing this test? What is supporting the load on the
bridge? What was difficult about testing the bridge?
Why do you think an engineer might build this bridge instead of a smaller bridge,
like a beam or truss?
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13. Point to picture Q.1 and ask students to think about what they know about
New York City and then think about why they might have decided on a
suspension.
What does it allow people to do? Why does it make sense?
14. Answer any other questions about how a suspension bridge works.
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Activity Set #8: Bridge Wrap-up
!

Purpose. In this session students get a chance to learn about different

bridges around the world and show their knowledge of different bridge types.

!

Warm-up. Students will be given a packet with questions and work to be

done about all the types of bridges they have learned about. Students can work
on this throughout the week. This worksheet can be found in Appendix S.

Activities
A. Bridges Are To Cross: Reading

Materials to collect
- Bridges Are To Cross by Philemon Sturges
1. Show students the book you will be reading to them, Bridges Are To Cross by
Philemon Sturges.
2. Tell them that as you go through the book you will be asking students several
questions about the types of bridges they are seeing.
3. Two good questions are:
A. What type of bridge is this? How do you know?(parts)
B. What is supporting the load on this bridge?
4.

Teachers will want to cover the name and type of bridges that are printed on
each picture of a bridge. You can simply use a post-it to cover names and
quiz your students as you go.
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5.

You may want to organize the book by type of bridge and show only the
beams first, and then only the arches, and so on and so forth, or you can just
go through the book as is. Some bridges your students may not be familiar
with like the aqueduct, because it was not introduced in this study, but it is a
good time to discuss the different designs as a class and think critically
about the types of bridges being shown.

Essential questions
• Why do we build bridges?
• Why do we build certain bridges over other bridges?
• What factors have to be taken into consideration when making that decision?
• How do bridges affect people?

!

Homework. Students will receive the Dream Bridge homework sheet so

that they can invent their own dream bridge! They will be asked to label parts
and add detail and color. Homework sheet can be found in Appendix T.

B. Bridge Extravaganza: Closure
Your students have gone through a long unit on bridges and gained a lot of
important information. The bridge extravaganza is meant to give students a
chance to exhibit all that they know about building and designing all types of
bridges.
Materials to collect
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- Blocks (students will need as many different shaped and sized blocks as
possible. A shelf or two of different varieties is ideal.)
- Rope
- Tape
- Pictures of bridges (you may use the charts as reference for students or pull the
pictures off so that they can get a closer look.You will want at least one of each
type of bridge.)
Sequence
1. Tell students that they will be getting one final chance to build bridges. They
will have only the unit blocks that they have been using to do it and they will
have to cross a much larger body of water.
2. The challenge is for students to build one long structure that is a combination
of each type of bridge that the students have learned about during this study.
One of the biggest, and most unexpected, challenges my students had was
how to connect the bridges they made and how to make the ramps to get on
and off the bridge. This should be an important part of their final bridge,
however, and they should be able to work together to figure it out. The
challenge is in the spatial navigation and you may decide to designate certain
areas of the build space for on and off ramps to help students with this
challenge. A picture of the build space I used with my students is shown in
the Applications section in the final two pictures of the bride extravaganza. I
placed three tables together for the activity. Two rectangular tables, about
four feet long, and one square table of about two feet.
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3. In your classroom place two or three tables together so that they are
connected end to end in the longest way.
4. You can choose to place new colored paper on the tables to act as the water.
You may even want to alternate colors and tell the students that a dark blue
color is water that is too deep to have piers and light blue water is shallow
enough for piers. This will give students the added challenge of taking the
environment into consideration when designing and building bridges.
5. Tell students that when building their bridges they must be thinking about
what is supporting each bridge and how people and things are actually getting
on and off the bridge and how they can connect the whole thing.
The bridge must be realistic. That means that if you are going to build a
suspension bridge, it must have cables and an anchor support.
6. This activity requires a lot of materials and management on the part of the
teacher. You may want to consider splitting the class in half and do this
activity in half groups to make it easier to manage and less hectic for the
students.
7. When students begin this task you may see several different things. Students
may just begin building independently, some may stop and form a little group
to quickly delegate tasks and form smaller groups, and some may be
overwhelmed and not do anything. If you see your group struggling to make
a decision, step in and help them come to a consensus or give students jobs
yourself. It will be more rewarding if students can get to work and spend the
majority of their time building instead of discussing plans.
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8. As students build, it is a great opportunity to walk around and ask each
student about their process. As they add blocks to the structure, ask students
what the role of each block. If this was a real bridge, what part would that be?
What would it be doing?
9. The challenge is for students to combine every type of bridge but if you see
your group struggling or they look like they are pressed for time or space, you
could always reduce that to two or three bridge types and stop your group
short and discuss the other bridge types.
10. No matter how many bridge types your students build, spend the last five
minutes reflecting. Ask students to talk about what they just built, or ask them
to reflect on the time spent talking about bridges and tell you their favorite part
of the unit or simply what their favorite type of bridge or specific bridge is!
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Assessment
!

Assessment is a crucial part of what educators do. It should be formative

and done throughout the study. This will help in planning and to provide support
in specific areas when needed (Gunning, 1998). As the students engage in their
work, participate in discussions, or go on trips, I am constantly thinking about
how to assess them. Educators always need to know if students are grasping the
main idea of the lesson or discussion, if they are able to show what they know, if
they going further and seeking more information, and if they are excited about
what theyʼre learning. The excitement you see from a student in the classroom
implies an understanding, and many times, internalization of what they are doing.
It not only shows a cognitive response, but a physical and emotional one, too.
These things are important for knowing how your students are doing and how
well they are assimilating the information. Students, however, show their
understanding in different ways. It is important to know what to look for when
evaluating students during different activities.
!

Assessments may be specifically tailored for each activity or piece of

knowledge but certain questions educators ask themselves allow them to assess
students in all capacities. Educators should ask themselves: are students
participating in discussions and group work? Is the information theyʼre sharing
clear, sound, and does it address the issue at hand? Are students referring to
prior knowledge and applying it to new problems and situations? Are students
making accurate inferences and hypotheses based on their knowledge? Are
students thinking critically about the topic?
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!

These questions can apply to students doing group work, in discussion, or

during individual work, such as written assignments. During the bridge study
there are many Essential Questions that the students should be able to answer
as the study moves forward. They are placed at the end of the first lesson under
each category. Educators should refer back to these questions for the duration
of the study and assess students using these content area questions along with
the questions listed above. These will help get a complete sense of what each
student knows and how they are showing it.
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Application
!

For the past two years I have had the pleasure of developing and applying

this curriculum with my peers and my students. Each year has been different, yet
the essential understandings and the knowledge that students and educators get
from taking part in this curriculum has been constant. I have found myself
thinking about bridges and formulating new ways to teach the material long after I
have finished the unit. I also speak with students who wish we could go back
and build one more bridge or discuss a new bridge type they have seen or
discovered. Students internalize this curriculum because it is based on their
experiences and they tend to hold on to that information.
!

Educators, students, and other groups may choose to use this curriculum

in different ways. It may be part of a larger study or be used on itʼs own. Parts of
the study could also be taken out and examined more closely or integrated into
other studies of engineering, architecture, construction, neighborhoods, ecology,
or many others. The curriculum is a great chance to allow students to question
and investigate the fundamental purposes and properties of bridges. For this
age group there is no better work.
!

Students at this age are becoming more confident in their abilities as

students and planners, they are thinking more abstractly and are able to debate
difficult topics and concepts, and they are more independent learners and most
are able to read on their own and further their knowledge outside of the
classroom (Miller, 2005). All of the characteristics of this stage lend a hand to
great student work. Students have shown their knowledge in many different
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ways during the study and well after, but some of the best work is seen through
the photographs of the bridges they have built. Each part of this unit gives
students an opportunity to build with materials that allow them to apply their
knowledge and test their ideas. Following are some pictures of student built
bridges that exhibit the creativity and problem solving skills that students used
when applying their knowledge of bridges. The first few are students
experimenting with design and manipulating the materials to produce strong
bridges that use the supports they have learned about.

A student experimenting with beam bridge designs and discovering arches.
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A design for a beam bridge with piers with a creative way to secure the deck.

A student investigating with different types of supports. The index card in the
middle is the accordion style shape mentioned in Activity Set #4.

A group of students with a creative arch bridge design.
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Students experimenting with cantilever bridge designs.

Unique double decker cantilever bridge design.
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Students testing the strength of their suspension bridge.
Each one of the preceding pictures exhibits the ways in which my students
investigated the different bridge designs they learned about. The first picture is
focused on beam bridges. This pictures comes from the first lesson where
students were freely building in reaction to the scenario given. In an attempt to
load as many coins on to her bridge as possible this folded the paper on the deck
and created an arch shape under the deck.
!

Students took the basic beam bridge design and experimented with ways

to make their bridges stronger. After looking at pictures of different types of
beam bridges and getting some basic information, students went on to test beam
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bridges specifically. The students who built this second bridge hypothesized that
piers on a beam bridge would make the bridge very strong. They soon filled the
cup in the picture with pennies and proved that they were correct. Once the
students felt comfortable with the materials their designs quickly improved. In the
third picture, this student is thinking about the kinds of supports she can apply to
her bridge. Using the information from the discussion on arches and trusses the
student wanted to see how a bridge handled weight when it used many supports
together at the same time. To challenge the students in the fourth picture, I
spread the water their bridge was crossing further apart than usual. It was too
wide to span with just one arch so they thought that it would be best to use two
arches to support each side of the deck when the load was placed on top.
Having the students use familiar materials on more than one occasion allowed
them to be very comfortable with the work and very creative with their designs.
!

The fifth and sixth pictures are the ways in which my students made sense

of the complex design of a cantilever bridge. The cantilever bridge is particularly
challenging for students to investigate because the actual bridges look very
similar to other bridge types that they already recognize. Bridges like the Tappan
Zee and the Queensboro bridge make it very difficult to point out the cantilever
component. After discussing the idea thoroughly in class and testing the
mechanics of the cantilever, students were able to apply that knowledge to their
familiar modeling materials and come up with the designs you see in the pictures.
In the seventh picture you see students testing a suspension bridge they
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assembled. Their ability to pile so many pennies in to their cup shows me their
understanding of the suspension bridge and the way it is supported.
!

A close up of an arch bridge from the bridge extravaganza.

One half groupʼs bridge extravaganza bridge.

The second groupʼs bridge extravaganza bridge.
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The final three pictures above are from the bridge building extravaganza and
they show a combination of different bridges built and all the team work that went
into it. On this final day of building, students got a chance to go back to the
familiar block materials and combine all of the information they had gained
through out their investigation. The sequence of lessons allowed students to
really investigate the shapes and designs of bridges from the very basic to the
more complex. This paralleled the understandings that students gained about
bridges through out the study. As they investigated more technical designs
through their building, they were able to make the information I was giving them
more concrete. These pictures are meant to give a sense of the possibilities of
different work that students can come up with. This curriculum took students
about three months to complete and along the way they created stellar work and
learned key concepts about bridges.
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Appendix
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A. Name:_______________________

Date:_______________

Warm-up: What do we know about bridges?
Use the space below to write THREE things that you know about
what bridges do, what they are used for, or where you might find
them.
1) _______________________________________________
_______________________________________________
2) _______________________________________________
_________________________________________________
3) _______________________________________________
_________________________________________________
Draw a picture of a bridge below:
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B. Name:_____________________

Date:_______________

Encountering Bridges
1) Describe the bridge:
Write three sentences to describe what you are seeing when you look
at the bridge.
What is happening on top of the bridge? What is happening under the
bridge? What is holding the bridge up? What is holding the cars up? What
shapes or designs do you notice on the bridge?
_________________________________________________________
_________________________________________________________
_________________________________________________________
_________________________________________________________
_________________________________________________________
_________________________________________________________
2) What is the bridge made of? What materials do you see that were used
to build the bridge?
_________________________________________________________
_________________________________________________________
_________________________________________________________
_________________________________________________________
_________________________________________________________
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3) Drawing the bridge:
Use the circles below to sketch two close up parts of the bridge.
Focus on two parts that you can zoom in on and draw them in the circles
below. Use as much detail as possible.
Sketch 1:

Sketch 2:
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C. Name:_______________________

Date:_______________

Warm-up: Questions about bridges
Write at least two new questions you have about bridges. If you
don’t have anymore questions about bridges, write two things that
you saw people doing on the George Washington Bridge.

_________________________________________________
_________________________________________________
_________________________________________________
_________________________________________________
_________________________________________________
_________________________________________________
_________________________________________________
_________________________________________________
_________________________________________________
_________________________________________________
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D.
(D.1)

Log beam bridge
(D.2)

Beam bridge without piers
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(D.3)

Beam bridge with piers
(D.4)

Lake Pontchartrain causeway bridge
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(D.5)

Lake Pontchartrain causeway bridge
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E.
(E.1)

Rectangular unit block
(E.2)

Plastic inch tiles
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(E.3)

Multilink cubes shaped into a boat
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F. Name:_______________________

Date:_______________

HOMEWORK - Build a Beam
Design and draw your own beam bridge. Label the parts of the bridge
using the word bank at the bottom of the page. Draw with detail and
use color to bring your bridge to life!

Beam bridge parts: deck, abutment, pier, parapet
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G.
(G.1)

George Washington Bridge (suspension)
(G.2)

Bixby Creek Bridge (arch)

97

(G.3)

Hellgate Bridge (arch)
(G.4)

Load acting on an arch
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(G.5)

Truss bridge
(G.6)

Load acting on a truss
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(G.7)

Corrugated cardboard
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H. Name:_______________________

Date:_______________

Homework: Arches and Trusses at Home
Look at the objects below and use a colored marker or highlighter
to highlight the arches and trusses in these everyday objects.
1)

Is this using a truss or an
arch?
_________________________________

2)

Is this using a truss or an
arch?
____________________

3)

Is this using a truss or an
arch?
____________________
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4) Find three items around your house or on your walk home that
use either a truss or an arch
What is your item?

Draw or describe your item
in the space below
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I.
(I.1)

Beam bridge without piers

(I.2)

Beam bridge with piers
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J.

Steps for Building a Popsicle Stick Beam Bridge

Steps for building:
1) Materials: Wood glue, popsicle sticks, and tape or
hand clamps will help
2) Layer one popsicle sticks, one on top of the other,
so that half of one stick is covering half of the other.
3) Repeat that process multiple times until you have
reached your desired length. My beams were about
24 inches each.
4) Your students will need to make two beams for
each bridge.
5) This same process will be used to make the piers.
Piers will have to be double the thickness so that
they can hold on to the beams. Each group will
make one pier. You should decide before hand how
tall your piers will be so that each group makes them
the same length.
6) To make the deck students will place popsicle
sticks across from one beam to the other. They can
glue these down or simply tape the popsicle sticks
together.
7) If time allows, groups could make four beams and
make each beam double strength.
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K.

How To Building an Arch Bridge

Logistics:
- Popsicle sticks (box of 500 jumbo sized)
- Wood glue
- Scotch tape
- Clamps
Directions:
- Layer and glue one popsicle stick on top of another, covering only half of each
popsicle stick. Continue doing this until you have a beam. Make it as long as
you need. This one is four popsicle sticks long.

- Make five of these for each beam. They should be layer so that two in the
middle are shorter then the ones on the outside. This will create two slots
where the arch will fit.
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- Begin layering and gluing popsicle sticks at an angle coming from the ends of
the beam. This will be one of the two beams.

- Use tape or clamps to hold the popsicle sticks in place as you work.
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- Add a second arch layered on top of the first. This will make it double thick and
stronger. Do this entire process twice. One arch for each beam.

- Make a deck by gluing popsicle sticks from one beam to the other. Leave space
for two vertical suspenders to connect the beams and arches.

- Make vertical suspenders to connect the beams to the arches. Layer popsicle
sticks as you did with the beams. Make the suspenders thick enough to fit
around the beams and the arches and hold them tightly. My suspenders were
eight popsicle sticks thick.
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- Allow the bridge time to dry and it should be complete. This bridge is designed
to use two tables as abutments. A load can be hung from the deck or placed on
top of the deck.
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L. Name:_______________________

Date:_________________

Testing Beam Bridges:
Without Piers
Predictions about the beam bridge without piers:
1) How much weight will cause the bridge to break or fall (3Lbs., 5Lbs.,
10Lbs., or more)? Why do you think so?
_________________________________________________________
_________________________________________________________
_________________________________________________________
2) What part of the bridge will break first (deck or beams)? Why do you
think so?
_________________________________________________________
_________________________________________________________
_________________________________________________________
Watch the experiment carefully and draw what you see:

How much did the bridge hold:
Weight in grams:_________________

Weight in Lbs._____________
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How did the bridge change when we put weight on it?:
_________________________________________________________
_________________________________________________________
What stayed the same, if anything, when we put the weight on it?:
_________________________________________________________
_________________________________________________________
Were your predictions correct or incorrect? Explain how you know:
Prediction 1):
_________________________________________________________
_________________________________________________________
_________________________________________________________
_________________________________________________________
Prediction 2):
_________________________________________________________
_________________________________________________________
_________________________________________________________
_________________________________________________________
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M. Name:______________________

Date:_______________

Testing Beam Bridges:
With Piers
Predictions about the beam bridge with piers:
1) How much weight will cause the bridge to break or fall? Circle one:
3lbs.

5Lbs.

10Lbs.

15Lbs.

More
Why do you think so?
_________________________________________________________
_________________________________________________________
2) What part of the bridge will break first? Circle one:
Deck

Beam

Pier

Why do you think so?
_________________________________________________________
_________________________________________________________
Watch the experiment carefully and draw what you see:

How much did the bridge hold:
Weight in grams:_________________

Weight in Lbs.____________
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How did the bridge change when we put weight on it?:
_________________________________________________________
_________________________________________________________
What stayed the same when we put the weight on it?:
_________________________________________________________
_________________________________________________________
Were your predictions correct or incorrect? Explain how you know:
Prediction 1):
_________________________________________________________
_________________________________________________________
Prediction 2):
_________________________________________________________
_________________________________________________________
Would the bridge be stronger with the piers close together or far apart?
Explain why you think so:
_________________________________________________________
_________________________________________________________
_________________________________________________________
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N. Name:______________________

Date:_______________

Testing an Arch Bridge
Predictions

Prediction #1

How much weight will cause the bridge to break or fall? Circle one:
25Lbs.

50Lbs.

75Lbs.

100Lbs.

More

Why?
_________________________________________________________

Prediction #2
What part of the bridge will break first? Circle one:
Deck

Beam

Arch

Why?
_________________________________________________________

Results
1. How much did the bridge hold:
Weight in grams:_________________

2. Which part of the bridge changed?: Circle one:
Deck

Beam

Piers

3. Did you guess right? Circle one:
Prediction #1:

Yes

No

Prediction #2:

Yes

No
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O. Name:_______________________

Date:_________________

Test a Truss bridge
Predictions

Prediction #1

How much weight will cause the bridge to break or fall? Circle one:
25Lbs.

50Lbs.

75Lbs.

100Lbs.

More

Why?
_________________________________________________________

Prediction #2
What part of the bridge will break first? Circle one:
Deck

Beam

Truss

Why?
_________________________________________________________

Results
1. How much did the bridge hold:
Weight in Lbs.:_________________

2. Which part of the bridge changed?: Circle one:
Deck

Beam

3. Did you guess right? Circle one:
Prediction #1:

Yes

No

Prediction #2:

Yes

No
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P.
(P.1)

Tappan Zee Bridge

(P.2)

Piers under the Tappan Zee Bridge
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(P.3)

The Forth Bridge (cantilever)

(P.4)

Balanced cantilever arm
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(P.5)

The Forth Bridge (cantilever)
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Q.
(Q.1)

George Washington Bridge (suspension)
(Q.2)

Diagram of a suspension bridge
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R.

Suspension Bridge Investigation Set-up

Here are the steps for setting up the bridge. Use these steps when
modeling the set-up of the bridge:
a) Cut one straw in half and save the two halves.
b) Place one half straw in between two full straws and tape the top and just
below the top of the half straw. Do this twice. These will be the towers.
Attach the straw towers to blocks to make them taller.
c) Run a straw in between the two straw towers to act as the deck.
d) To set-up the load, use a hole punch and make two holes on the sides of
the plastic cup. Use the thread to make a handle for the cup where you
will hang it from the deck.
e) Loop the paper clip around the straw and the thread handle on the cup.
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S. Name:_________________

Date:_______________________

Bridges Worksheet
What Bridge Should I Build?
Read the sentence and write down what bridge you think would work best:

1. There is a small stream behind my house. I always have to jump on
slippery rocks to get across it and I always get wet. I want to
build a bridge to get across it. What type of bridge should I
build?
Circle One:
Arch

Beam

Cantilever

Suspension

Why is this the right bridge to build?
_______________________________________________________
_______________________________________________________
_______________________________________________________
_______________________________________________________
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2. I need to build a bridge near a big city. The problem is that there is a
wide river with a lot of boats right in the middle of my city. I have
a lot of money to spend but what bridge should I build?
Circle One:
Arch

Truss

Beam

Suspension

Cantilever

Why is this the right bridge to build?
____________________________________________________
____________________________________________________
____________________________________________________
____________________________________________________
____________________________________________________
____________________________________________________
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Look at the pictures and answer the questions.
3. Cars, trucks and school busses drive on the part of a bridge called the
_______________________________________________.

4. Using a red colored pencil color in a truss, a pier, and a deck found on
this bridge.
a. A truss
b. A pier
c. A deck
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5. Looking at the picture above, write at least one thing you think is
helping to support this bridge.
_______________________________________________.

6. This type of bridge is called an
___________________________________________.
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7. What kind of bridge is this?
a. Beam bridge
b. Arch bridge
c. Cantilever
d. Suspension
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T. Name:___________________

Date:_____________________

Dream Bridge
Design and draw your own dream bridge! It can be any kind of bridge
you would like, even a combination of more than one bridge. Use detail
and add color to your bridge and label the parts using the word bank.

Word bank: deck, pier, parapets, abutment, truss, arch, anchor, towers,
main cables, suspender cables
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U.

Simple bridge board used to model bridges.
It has been carved in the middle and painted blue to resemble water.

